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Abstract 
Background: Allergies to fungi, such as Alternaria alternata, are significant contributors 
to respiratory conditions like asthma and rhinitis. Immunotherapy with native A. alternata 
extracts often results in high rates of adverse reactions. This study evaluates the safety of 
immunotherapy using glutaraldehyde-polymerized A. alternata extracts in both pediatric and 
adult populations.
Methods: This observational real-world study involved 738 patients (435 children and 303 
adults) monosensitized to A. alternata or polysensitized together to other allergens. Patients 
received personalized immunotherapy containing polymerized A. alternata extract, either 
alone or in combination with other polymerized allergens. The concentration of each polymer-
ized allergen in the therapeutic vaccine was 10,000 TU/mL. Side reactions were classified and 
recorded based on immediate and delayed onset, and their severity was graded according to 
the EAACI guidelines.
Results: All side reactions were expected and related to the intrinsic properties of allergens. 
The number of injections administered was 7392, with 4137 to children and 3255 to adults. 
Thirteen relevant local reactions (0.24% in children, 0.09% in adults) and seven systemic reac-
tions (0.09% overall) were observed. Systemic reactions included mild to moderate symptoms, 
such as mild bronchospasm and rhinitis. Severe reactions were not reported. 
Conclusion: Immunotherapy with glutaraldehyde-polymerized A. alternata, alone or in combi-
nation with other polymerized allergens, is safe and well-tolerated in both children and adults. 
The polymerized extracts allow for higher concentrations and faster administration sched-
ules, providing an effective treatment option for patients with fungal allergies, including those 
polysensitized to multiple allergens. 
© 2024 Codon Publications. Published by Codon Publications.
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the reality is not different, in which most patients with 
mould allergy are often sensitized to other allergenic 
sources2 and usually require treatment with therapeutic 
allergen vaccines containing allergen mixtures.19,20 This 
approach has several difficulties, including incompatibili-
ties that may exist between extracts, particularly by the 
presence of proteolytic enzymes in at least one allergenic 
source.

Previous experience with glutaraldehyde-polymerized 
allergen extracts, administered as a single component or as 
mixtures with other polymerized allergen extracts, without 
dilution in the mixture (Clustoid® Max) has demonstrated to 
be safe. In this scenario of an allergen source with high 
clinical relevance, whose sensitization is increasing and, 
in most cases, coexists with others, and whose immuno-
therapy is classically associated with an increased risk of 
adverse effects, this study had the objective to evaluate, 
in real-world conditions, the safety of immunotherapy with 
a glutaraldehyde-polymerized A. alternata allergen extract 
with or without a mixture with other polymerized allergen 
extracts.

Materials and Methods 

Design and ethics

The study was classified as an Observational 
Postauthorization by the Spanish Health Authorities 
(Agencia Española de Medicamentos y Productos Sanitarios) 
and was evaluated and authorized by the ethics committee 
of the “Comunidad Autónoma de Madrid.” Forty-six spe-
cialist physicians participated in this study.

Patient population 

Data were collected from the medical records of 738 sub-
jects (457 males and 281 females) sensitized to A. alternata 
or polysensitized to A. alternata and other allergens (house 
dust mites, grass pollen, Salsola pollen and/or Olea pollen). 
Of these, 435 were pediatric patients (59%) aged 0–17 years 
with a mean age of 9.5 years (95% confidence interval 9.2–
9.8), and 303 patients were adults with a mean age of 33.3 
years old (95% confidence interval 27.5–39.2). Table 1 shows 
the epidemiological data, including other sensitizations.

Immunotherapy preparation 

Each patient received an individualized therapeutic vaccine 
of A. alternata extract containing all relevant allergens, 
polymerized with glutaraldehyde and adsorbed onto alumi-
num hydroxide, alone or in a mixture without dilution with 
other polymerized allergenic extracts (Dermatophagoides, 
grass pollen, Salsola pollen and/or Olea pollen) (Clustoid® 
Max Alternaria, Inmunotek, SL, Alcalá de Henares, Spain).

The concentration of each polymerized aller-
gen in the therapeutic vaccine was 10,000 TU/mL (TU: 
Therapeutic  units). The composition of the treatments is 
described in Table 2.

Introduction

Fungi are relevant in allergy due to not only the sensiti-
zation rates but also the symptomatology associated with 
the allergic disease.1 The prevalence of fungal sensitiza-
tion is not well-defined, although it is estimated to affect 
between 3 and 10% of the world’s population, 12–42% of 
atopic patients, and more than 66% of patients with severe 
asthma.2 Fungal sensitization varies according to age and 
country.2 In Alergologica 2015 study (Spain), 10.1 % ​​of sub-
jects with extrinsic asthma had positive test results for 
molds.3 In the Escape (Europe) study on pediatric asthma, 
sensitization was estimated to be 17.7%.4 In Poland, 22.17% 
of adult patients were allergic to fungi, with Alternaria 
spp. (47.1%) and Cladosporium spp. (30.8%) being the most 
frequent allergen sources.5 In the United States, the preva-
lence of A. alternata sensitization in the general population 
was 13%,6 and in the Beijing area (China), fungi were one 
of the most common aeroallergens of respiratory allergy in 
children.7 A study conducted in Germany from 2008 to 2011 
assessed the sensitization prevalence and profile of the 
population allergic to fungi, revealing that the studied pop-
ulation was sensitized to A. alternata (3.0%), Aspergillus 
fumigatus (2.3%), or Cladosporium herbarum (1.3%). In this 
study, the sensitization data (using skin prick test) from 
1998 to 2007 and 2008 and 2017, were also analyzed, ret-
rospectively, and an increased prevalence of these main 
fungal allergenic species in the second decade was noted.8

Alternaria alternata allergy is an important risk factor 
for severe asthma, especially in children and young people. 
It is reported that 40% of asthmatic children are sensitive 
to fungi, but the prevalence increases above 60% in chil-
dren with severe asthma, and in most of cases this pathol-
ogy persists into adulthood.9

Immunotherapy with native allergen extracts of A. 
alternata has been demonstrated to provide clinical 
improvement in adults and children.10 Prospective, double-
blind trials conducted so far have shown a symptomatolog-
ical improvement in treated patients, as well as a decrease 
in IgE antibody levels, and an increase in serum IgG lev-
els.11 Nevertheless, one of the main drawbacks of fungal 
immunotherapy with native extracts is the safety profile, 
as immunotherapy with these extracts has been associ-
ated with a higher incidence of local and systemic adverse 
reactions than other allergen extracts.12 In addition, most 
subjects with allergies to molds are usually sensitized to 
other aeroallergens.2 Therefore, to experience clinical 
improvement, immunotherapy against the allergens to 
which they are allergic is needed. This can be achieved by 
using several individual immunotherapies or one contain-
ing a mixture of all clinically relevant components in the 
appropriate concentration.

Polymerization of allergens with glutaraldehyde allows 
for a reduction in the risk of adverse reactions associated 
with allergen immunotherapy,13,14 providing allergoids with 
decreased IgE-binding capacity. Additionally, polymer-
ization has been demonstrated to reduce the enzymatic 
proteolytic activity, which assures the integrity of ther-
apeutic vaccine components15 and abolishes the bias of a 
Th2 immune response.16–18

Currently, the percentage of polysensitized patients is 
growing, and in the case of patients allergic to A. alternata, 
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EAACI Position Paper21: a) Grade 0: No symptoms or non-
specific symptoms; b) Grade 1: Mild systemic reactions. 
Symptoms included localized urticaria, rhinitis, or mild 
asthma (Peak flow [PF] <20% decreased from baseline); c) 
Grade 2: Moderate systemic reactions. Symptoms include 
slow onset (>15 min) of generalized urticaria and/or moder-
ate asthma (PF > 40% decrease from baseline); d) Grade 3: 
Severe (non-life-threatening) systemic reactions. Symptoms 
include rapid onset (<15 min) of generalized urticaria, 
angioedema, or severe asthma (PF > 40% decrease from 
baseline); e) Grade 4: Anaphylactic shock. Symptoms 
include the immediate evoked reaction of itching, flush-
ing, erythema, generalized urticaria, stridor, immediate 
asthma, and hypotension.

Sample size determination

The sample size calculation was based on the outcomes 
of the study of Martínez-Cañavate et al.,23 in which 12 
adverse reactions were observed in 94 subjects treated 
with an unmodified allergenic extract of A. alternata, who 
received a total of 952 SC injections, which implies 1.2 sys-
temic reactions for every 100 injections. Considering that 
the rate of expected systemic reactions with polymerized 
extracts is four times lower, the number of injections that 
should be evaluated is a minimum of 2874, with a relative 
risk of 0.25 and f (error protection) of 7.84. Expecting that 
each patient received six injections, the minimum number 
of patients to evaluate was 500.

Results

Number of injections

A total of 7392 injections were administered: 4137 (56%) to 
children and 3255 (44%) to adults. Each patient received a 
mean of 9.5 injections.

Adverse reactions

There were no records related to unexpected adverse 
reactions, such as of toxic or infectious origins. All reac-
tions were expected, and all due to the intrinsic properties 
of the allergen extracts.

A total of 13 relevant local reactions (9 immediate and 
4 delayed) were recorded (1 per 56 patients, and 1 per 568 
injections). Of these, 10 of the reactions (0.24% of injec-
tions, 6 immediate and 4 delayed) occurred in children, 
and the other 3 (0.09% of injections, all immediate reac-
tions) occurred in adults.

There were seven systemic reactions in the 738 
patients treated (0.95%, 4 in children and 3 in adults), and 
7392 administrations (0.095%). Two of the reactions were 
immediate (Grade 2, bronchospasm) and five were delayed 
(2 in children and 3 in adults, all of them were Grade 1). 
The relationship between the two late reactions and the 
administration of immunotherapy is not clear, as one of the 
reactions consisted of general discomfort and the other of 
low-grade fever and local edema.

Different treatment schedules were used, the most 
common being the conventional, rush, and ultra-rush 
schedules.

In conventional schedules (n = 81), the patient received 
an injection of 0.2 mL and after a week 0.5 mL. In rush 
schedule (n = 638), the first dose of 0.2 mL was injected 
in one arm and 0.3 mL 30 min later in the other arm. In 
the ultra-rush schedule (n = 22), the first injection was a 
maintenance dose of 0.5 mL. Other schedules were used in 
22 patients.

Safety assessment

Adverse reactions were classified as a) immediate, when 
the onset occurred during the first 30 min post-injection, 
and b) delayed, when the onset of the symptoms occurred 
afterwards.21

Local subcutaneous (SC) reactions were quantified 
by measuring the diameter of the induration. Immediate 
SC reactions with a diameter less than 5 cm and delayed 
reactions less than 10 cm were considered clinically irrel-
evant.22 Systemic reactions were graded according to the 

Table 1  Epidemiological data of subjects.

All

Paediatric

Adults
Children

(5 -12 years)
Adolescents
(13-17 years)

n 738 253 34% 182 25% 303 41%
Male 457 179 24% 107 14% 171 23%
Female 281 74 10% 75 10% 132 18%

Table 2  Composition of the treatments.

All

Paediatric

Adults
Children

(5-12 years)
Adolescents

(13-17)

A. alternata 167 44 42 81
A. alternata + 

Dermatophagoides*
123 39 33 51

A. alternata + 
Dermatophagoides* 
+ O. europaea

31 11 9 11

A. alternata + 
Dermatophagoide*s 
+ grasses

28 9 4 15

A. alternata + grasses 61 12 13 36
A. alternata + grasses 
+ O. europaea

155 71 35 49

A. alternata + O. 
europaea

147 61 36 50

A. alternata + O. 
europaea + S. kali

1 - - 1

Alternara + S. kali 25 6 10 9
Total 738 253 182 303

*Dermatophagoides: D. pteronyssinus + D. farinae
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Alternaria + grasses + Olea europaea, one with Alternaria 
+ Dermatophagoides + O. europaea, and another with 
Alternaria + Dermatophagoides (Tables 3–5).

Discussion

The study presented here analyses the safety of Clustoid 
Max Alternaria, both in a single immunotherapy using glu-
taraldehyde-polymerized A. alternata and in a mixture 
with other different polymerized allergens (77% of the 
treatments studied), with each allergen at a concentration 
of 10,000 UT/mL.

Retrospective data related to the administration of 
vaccines containing polymerized allergen extracts, from 
the medical records of a cohort of 738 patients, was ana-
lyzed to evaluate the safety of these preparations. A large 
number of centers (46) were included to be more repre-
sentative of real-world conditions and to avoid the bias of 
a single or few centers administering the treatment. All 
adverse reactions were allergic, expected during the use of 
specific immunotherapy.

The treatment with these glutaraldehyde polymeriza-
tes has shown an excellent safety profile in both children 
and adults in routine clinical practice, even with acceler-
ated build-up administration regimens. The percentage of 

Regarding the relationship between systemic reac-
tions and the composition of the therapeutic vaccine (A. 
alternata alone or in mixture with other polymerized 
allergens), four of the systemic reactions observed in two 
patients occurred in the treatment with A. alternata alone, 
and another systemic reaction occurred with the mixture 

Table 3  Adverse local and systemic relevant reactions in 
children and adults.

Adverse reaction Type reaction
Paediatric 
population Adults Total

Relevant local 
reactions

Immediate 6 3 9
% patients 1.37 1 1.2
% injection 0.14 0.09 0.12

Delayed 4 - 4
% patients 0.9 - 0.5
% injection 0.01 - 0.05

Systemic 
reactions

Immediate 2 - 2
% patients 0.46 - 0.27
% injection 0.05 - 0.03

Delayed 2 3 5
% patients 0.46 1 0.68
% injection 0.04 0.01 0.07

Table 4  Description of systemic reactions.

Patient ID Age Composition Type reaction Dose (mL) Symptoms Grade

238 23 Alternaria alternata Delayed 0.2 Rhinitis 1
238 23 Alternaria alternata Delayed 0.2 Rhinitis 1
295 13 Alternaria alternata Immediate 0.5 Bronchospasm 2
295 13 Alternaria alternata Immediate 0.5 Bronchospasm 2
326 12 Alternaria alternata+ grasses+ O. europaea Delayed 0.5 Malaise Inespecific
423 8 Alternaria alternata + Dermatophagoides*+ 

O. europaea
Delayed 0.5 Fever and 

local edema
1

729 46 Alternaria alternata + Dermatophagoides* Delayed 0.2 Pharyngeal 
pruritus

1

*Dermatophagoides: D. pteronyssinus + D. farinae

Table 5  Description of local reactions.

Patient ID Age Composition Type reaction Dose (mL) Diameter (cm)

103 13 Alternaria Delayed 0.5 >10
155 10 Alternaria + Dermatophagoides* Delayed 0.5 >10 (cellulitis)
343 13 Alternaria Delayed 0.5 10
412 12 Alternaria Immediate 0.5 5
412 12 Alternaria Immediate 0.5 5
427 36 Alternaria+ grasses+ Dermatophagoides* Immediate 0.5 6
432 29 Alternaria + grasses+ Dermatophagoides* Immediate 0.5 6
432 29 Alternaria + grasses+ Dermatophagoides* Immediate 0.5 6
602 12 Alternaria + grasses+ Olea Immediate 0.5 5
654 12 Alternaria+ Dermatophagoides* +Olea Immediate 0.2 5
654 12 Alternaria+ Dermatophagoides* +Olea Immediate 0.5 6
666 9 Alternaria Immediate 0.5 5
711 9 Alternaria + Dermatophagoides** Delayed 0.3 15

*Dermatophagoides: D. pteronyssinus + D. farinae
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children, whereas in adults it occurred in less than 0.1% of 
injections, without serious reactions.
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These data are superior to those reported in previous 
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While immunotherapy with native preparations of A. 
alternata has traditionally presented safety challenges, this 
polymerized extract has shown to have a favorable safety 
profile with a notably low rate of adverse reactions, even 
when administered in combination with other extracts 
without dilution. The study demonstrates that there are 
no significant differences in safety between pediatric 
and adult populations. Furthermore, this immunotherapy 
facilitates rapid build-up schedules without compromising 
safety.
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